Urban rail transit has played an important role in big and crowded cities. Providing services with high levels of customer satisfaction is essential in order to increase the sharing rate of urban rail transit and to reduce traffic congestion by shifting people away from private car use. Therefore, it is of great significance to improve the customer satisfaction of urban rail transit. This paper presents an intuitionistic fuzzy group decision model to evaluate the customer satisfaction of urban rail transit. An evaluation indicator system including seven categories of indicators is established to measure passengers' satisfaction. The overall customer satisfaction level of the urban rail transit lines is obtained by the intuitionistic fuzzy entropy and intuitionistic fuzzy weighted average (IFWA) operator. The intuitionistic fuzzy entropy is used to solve attribute weights and IFWA operator is used to solve the information aggregation. Drawing on Tianjin urban rail transit lines as a case study, the detailed analyses were conducted to evaluate the overall customer satisfaction level of five urban rail transit lines and as such suggesting remedy strategies. The results can help urban rail transit operation company to improve the service quality of urban rail transit.
Introduction
With the acceleration of China's urbanization process, industrial development, and an increased vehicle population, energy consumption and greenhouse gas emissions are threatening the sustainable development of cities. Therefore, reducing the demand for private cars is a key sustainability method. Currently, many mega cities in China are experiencing traffic congestion. In Beijing, the capital of China, the average commuting time increased significantly, from 38 minutes in 2005 to 97 minutes in 2015. To solve this problem, the government tried to attract people to use public transport and implemented some potential solutions. These methods include constructing road networks and public transportation systems and strategies (usually policy-related) that aim to influence tourism demand.
Many authorities and researchers thought that urban rail transit is one of the most important types of public transport [1] . It is considered to be a green, energy-saving, viable alternative to the use of private cars. For the individual, however, car travel is appealing. It is more comfortable, flexible, and private than public transport. At this point, it is very important to improve the service quality of urban rail transit. If the quality of urban rail transit is not good, car drivers will be more reluctant to shift modes, and more congestion will occur. Therefore, improving the quality of urban rail transit services can effectively reduce the number of people using cars to travel and thus benefit all passengers [2] . In order to increase the sharing rate of urban rail transit, it is necessary to evaluate the satisfaction of its services by the service provider. Customer satisfaction assessment has received full attention [3] . However, in practical customer satisfaction evaluation, the uncertainty and ambiguity of customer's subjective feelings and experience in the decisionmaking process make it difficult for them to accurately judge on particular aspects. Therefore, the customer satisfaction evaluation is a fuzzy multi-indicator group decision-making problem.
Since Atanassov (1986) proposed the concept of intuitionistic fuzziness, it has been widely used in pattern recognition, 2 Discrete Dynamics in Nature and Society market forecasting, etc. and has achieved remarkable effect [4] . Based on this, this paper intends to apply the intuitionistic fuzzy group decision model to the customer satisfaction evaluation of urban rail transit.
The structure of this paper is as follows. The second section summarizes the related literature of public transport and establishes the criteria of customer satisfaction. The third section proposes an integration method based on the intuitionistic fuzzy group decision model. In the fourth section, a case study is provided to discuss the customer satisfaction for Tianjin urban rail transit; the fifth section is the conclusion of this paper.
Literature Review
. . Customer Satisfaction in Public Transportation. Customer satisfaction is a perceived response to the overall emotional response between the expected performance and perceived performance. It is an assessment of the experience after the customer has purchased the product or used the service. In recent years, customer satisfaction in public transport has become a hot topic for researchers [1] . Friman and Gärling (2001) conducted theoretical and empirical analysis of customer satisfaction in public transport services. And they found that the cumulative overall and attribute-specific satisfaction had a positive impact on customer satisfaction [5] . Morfoulaki et al. (2007) defined customer satisfaction as the overall level of customer expectations. They measured customer satisfaction as a percentage of customer expectations [6] . Tyrinopoulos and Antonio (2008) used factor analysis and ordered logit models to evaluate the quality impact on the user, with an emphasis on the passengers' perception of transitivity between operators, and the policy implications of this difference [7] . Geetika (2010) used a factor analysis model to determine the main factors affecting railway service quality and customer satisfaction. The results show that refreshing and behavioral factors are the most important factors affecting passenger satisfaction on railway [8] . Castillo and Benitez (2012) proposed a way to determine and quantify the relationship between ratings that gives overall satisfaction to public transport [9] . Diana (2012) studied the satisfaction of multimodal passengers for local bus services in different cities. The results showed that, in larger cities, bus lines are more competitive on realistic elements [10] . Celik et al. (2014) proposed a new framework, including SERVQUAL, statistical analysis, and VIKOR methods, to evaluate customer satisfaction in the Istanbul rail transit network [11] . Machado-León et al. (2017) take the railway of Algiers as an example, and they proposed a new important performance analysis and decision tree model to analyze the performance changes of the rail service [12] . de Oña et al. (2015) used the method of classification and regression tree to analyze different perceptions among different groups of passengers of transit service [13] . Fu et al. (2017) proposed a matter elements and extension method to evaluate the railway service of Italy; meanwhile, the correlation degree can describe the satisfaction degree of passengers [14] . Eboli et al. (2018) used the passengers' satisfaction survey data to analyze the spatial component in the evaluation of transit service quality, and the results showed that there was strong relationship between the single service aspects and the overall service quality from the passengers' perception [15] .
In order to accurately assess the customer satisfaction of rail transit, it is necessary to quantify the factors which influence the customer satisfaction. Eboli and Mazzulla (2014) used rail lines in Northern Italy as a case study; they used SEM method to analyze how passengers perceive satisfaction with service quality [16] . Agarwall (2008) took railway of Indian as an example, conducting a survey to investigate the customer satisfaction. The results showed that behavior of employee had a wide range of impacts on customer satisfaction [17] . Cao and Chen (2011) proposed an SEM model to study the relationship among service quality, customer satisfaction, and customer loyalty of Nanjing-Shanghai high-speed rail. The results showed that, in order to improve the customer loyalty and reduce the complaints of customer, the operator needs to improve customer satisfaction [18] . Stuart et al. (2000) applied SEM techniques to verify how different service attributes directly and indirectly influence the passengers' satisfaction of urban rail transit in New York [19] . Chou et al. (2014) used the SEM model to study the relationship among the service quality, customer satisfaction, and customer loyalty of Taiwan's high-speed rail; the results showed that car cleanliness, employees' neat appearance, employee service attitude, air-conditioning comfort, and punctuality have a positive influence on customer satisfaction. Meanwhile, the higher the customer satisfaction, the higher the customer loyalty [20] . Shen et al. (2016) used SEM model to analyze the customer satisfaction of urban rail transit in China; the results showed that the passenger satisfaction index based on the least squares estimation method can effectively evaluate customer satisfaction [21] . Yilmaz and Ari (2016) proposed an SEM model to analyze the relationship between passenger satisfaction and loyalty. The results showed that service quality and corporate image had a positive impact on customer satisfaction, and the customer satisfaction played a key role in increasing passenger loyalty [22] .
. . Review of the Intuitionistic Fuzzy Analysis. Due to the complexity of decision-making problems, incomplete decision information, and uncertain factors, it is very difficult for decision-makers to evaluate each alternative with real number. Fuzzy sets introduced by Zadeh (1965) have been identified to be suitable to describe this fuzzy information effectively [23] . However, in some practical situations, fuzzy sets cannot provide a comprehensive description of decision information. In order to solve this problem, Atanassov (1986) proposed the concept of intuitionistic fuzzy set (IFS), which not only considered the degree of membership, but also considered the non-membership degree, and allowed a certain degree of hesitation [4] . Due to the flexibility of IFS in dealing with fuzzy information, researchers pay more and more attention to intuitionistic fuzzy multiattribute decisionmaking (MADM) problems [24] [25] [26] [27] [28] .
The core issue of MADM is how to effectively aggregate decision-making information. Therefore, many researchers Discrete Dynamics in Nature and Society 3 have proposed many intuitionistic fuzzy information aggregation operators. Xu and Da [29] developed an ordered weighted geometric averaging operator. Xu and Yager [30] proposed several geometric aggregation operators which are based on intuitionistic fuzzy sets. Liu and Wang [31] developed some intuitionistic fuzzy aggregation operators which are based on Einstein operations.
Although scholars have conducted researches of customer satisfaction for many years, it is still difficult to accurately measure customer satisfaction of urban rail transit. Obviously, the above aggregation operators had the flexibility to handle the vagueness information. Therefore, in this paper, a fuzzy MCDM method is proposed based on intuitionistic fuzzy method to analyze the customer satisfaction in Tianjin's urban rail transit lines.
Methodology
The basic concepts of intuitionistic fuzzy set and decision model are briefly reviewed, which are foundations of the intuitionistic fuzzy number model to evaluate the customer satisfaction.
. . Basic Concepts and Definitions
Definition . Let be a nonempty set; an intuitionistic fuzzy set (IFS) can be expressed by
where
, the number of ( ) denotes the membership degree, V :
, the number of V ( ) denotes the nonmembership degree, with the condition 0 ≤ ( ) + ] ( ) ≤ 1 for every ∈ . For compute facilitate, we use = ( , ] ) to represent the intuitionistic fuzzy number [4] .
2 ) be two random intuitionistic fuzzy numbers, the score function of 1 and 2 is represented by
, and the accurate function of 1 and 2 is represented by ℎ(
Definition . Let = ( , ] ), ( = 1, 2, ⋅ ⋅ ⋅ , ) be a group of intuitionistic fuzzy numbers; the IFWA operator can be defined as follows [38] :
, and it can be calculated by
. . Description of the Decision Model. = { 1 , 2 , ⋅ ⋅ ⋅ , } represents the expert set, = { 1 , 2 , ⋅ ⋅ ⋅ , } represents the alternative set, and = { 1 , 2 , ⋅ ⋅ ⋅ , } represents the attributes set. The weight vector of the customers is represented by
And the weight vector of the attributes is represented by
the intuitionistic fuzzy decision matrix by customer evaluated under . The evaluation framework mainly includes five steps.
Step (normalization of the decision attributes). In this study, attributes contain both benefit-focused and cost-focused types. Accordingly, we had to normalize the cost-focused type to the benefit-focused type. In accordance with Liu et al. [40] , this paper uses (4) to transform
is the benefit-focused type attribute is the cost-focused type attribute
Step (transformation of the intuitionistic fuzzy decision matrix). We extract the -line data from normalized intuitionistic fuzzy decision matrix and let = (( , ] )) × ( = 1, 2, ⋅ ⋅ ⋅ , , = 1, 2, ⋅ ⋅ ⋅ , , = 1, 2, ⋅ ⋅ ⋅ , ) be a new matrix, and it represents the decision matrix of all customers evaluating the th alternative on the basis of the attributes.
Step (using the intuitionistic fuzzy entropy to determine the optimal weights for each attribute). By using (3), we can get the entropies for each attribute. Following the concept of intuitionistic fuzzy entropy method, the entropy weights can be got by
After obtaining the entropy weight of each attribute, then the optimal weight
Step (aggregate the alternatives by IFWA operator). After obtaining the optimal weight
, we use the IFWA operator to aggregate the alternative ; then the individual evaluation result of customer can be got by
Step (comprehensive evaluation of customer satisfaction). After obtaining the individual evaluation result by (10), by using the customer weight = ( 1 , 2 , ⋅ ⋅ ⋅ , ) , we can use (11) to get the comprehensive attribute values,
At last, we can get the customers' group evaluation result , = 1, 2, ⋅ ⋅ ⋅ , and according to Definition 2 to achieve the final sequence of alternatives.
Case Study
In this section, we first introduced the basic situation of urban rail transit in Tianjin and customer satisfaction survey data. Then, the proposed method is applied for the processing of customer satisfaction survey questions. Finally, the discussions are conducted. 
. . Urban Rail Transit System in Tianjin.
Tianjin is a municipality directly under the Central Government of China; it is one of the biggest industrial centers in China. According to Tianjin Statistical Institute, Tianjin's population will reach more than 18 million in 2020. However, with rapid industrial development and an increased vehicle population, traffic congestion and greenhouse gas emissions are threatening the sustainable development of Tianjin. Therefore, the government wants to ameliorate public transport system to alleviate urban problems. Urban rail transit is an effective way to alleviate traffic pressure and traffic pollution. Tianjin is now promoting the construction of urban rail transit system. By the end of 2017, there were 5 operating lines in the central city of Tianjin, and the length of lines exceeds 166km. The government feels that the length cannot meet the demand of the passengers. Therefore, the government plans to increase the length of lines. In addition, it aims to improve passenger satisfaction.
Tianjin Metro Group Limited Liability Company (Tianjin Metro) operates 5 lines and serves 999,700 passengers a day. According to the plan, by 2020, Tianjin Metro will operate line length to 513km (Figure 1 . . Data Acquisition and the Criteria. Five urban rail transit routes (M1, M2, M3, M6, and M9) were investigated in 2017 from October 27 to November 5. A survey questionnaire was designed to measure the existing customer satisfaction level of different lines perceived by passengers. In total 600 surveys were conducted and 564 effective responses were received, and the passengers of each line were asked to assess the satisfaction of the line on each criterion. The survey questionnaire was randomly given face-to-face to both arriving and departing customers.
The surveys consisted of three parts that gathered information related to passengers' perceptions: (1) passengers' sociodemographic characteristics: age, sex, education, job, etc.; (2) use of trains: place of departure and destination, travel time consuming, frequency, and reasons for use, etc.; (3) passengers' perceptions about the level of satisfaction: overall level of satisfaction, stations and the service provided, and criteria based satisfaction. As shown in Figure 2 , the most of the survey respondents are 18∼30 years old, and the second largest of the survey respondents are 31∼50 years old; that is, 97.7% of the respondents are younger than 50 years of age. As shown in Figure 3 , most of the passengers go to the station by walking; meanwhile, 21.63% of them ride bicycle; this is because the introduction of bike-sharing schemes, pioneered by companies like Ofo and Mobike, has attracted people to use the bike. In places where the subway does not extend, it is easy to get to the destination that you want to go to with Mobike. Only 4.18% of the passengers choose their private cars to access to stations. This is because there are few parking lots near the stations. As shown in Figures 4 and 5, 34 .88% of the passengers use the urban rail transit lines every day and 32.56% of the passengers use the urban rail transit lines occasionally; most of the passengers choose urban rail transit lines for work, school, and shopping.
The customer satisfaction evaluation index has a guiding role for the urban rail transit operators and guides them to improve operational performance and service quality. In this paper, the main and subcriteria used are briefly explained for customer satisfaction survey, as shown in smooth functioning of the tollgate, and access and condition of escalators. All of these criteria had an important effect on train usage rate. Ticketing service contains 2 subcriteria, including vending machines and ticketing system. It ensures passengers' easier access to the station and the loading time decreases. Information service system contains 3 subcriteria, including the usage of modern equipment in station services, the usage of modern equipment inside the train services, and announcements in stations and trains during and after breakdowns. Nathanail (2008) noted that information service system is one of the most important criteria which affect the passenger satisfaction [38] . Station comfort contains 3 subcriteria, including cleanliness of metro stations, lighting of the stations, and comfort level in stations. Train comfort contains 4 subcriteria. If the station and train are clean and comfortable, passengers may feel happy and relaxed. Safety contains 2 subcriteria, including safety at stations and sense of security against accidents while traveling. Passengers value safety as an important criterion; if the train is unsafe, 6 Discrete Dynamics in Nature and Society passenger will not choose to take it. Time contains 3 subcriteria, including waiting time for metro before departure, journey time, and itinerary accuracy. This criterion values the passenger's perception of the accuracy of departure time, arrival time, and waiting time before departures.
. . e Proposed Method Computations. Five passengers are chosen randomly to create the expert set = ( 1 , 2 , 3 , 4 , 5 ) . The weight vectors of the five passengers are equal; that is, = (0.2, 0.2, 0.2, 0.2, 0.2) . The alternative set consisting of five lines (M1, M2, M3, M6, and M9) is represented by ( 1 , 2 , 3 , 4 , 5 ) . From Table 1 
( ) Completion of the Intuitionistic Fuzzy Decision Matrix for Customer Satisfaction Evaluation by Passenger Assessment.
According to the index system for customer satisfaction of urban rail transit in Table 1 , we can establish the intuitionistic fuzzy decision matrix. For example, 1 is the intuitionistic fuzzy decision matrix for customer satisfaction evaluation by one passenger. ( ( 
Normalization of the intuitionistic fuzzy decision matrix of passenger evaluation information, where the benefitfocused type includes ( = 1, 2, ⋅ ⋅ ⋅ , 12, 14, 16, 17, 19, 20) , and the cost-focused type includes ( = 13, 15, 18) . Therefore, we can use (4) to convert cost-focused type to benefit-focused type.
( ) Convert the Passenger Evaluation Information Decision Matrix into Evaluation Matrix of Rail Transit Lines.
After obtaining the five intuitionistic fuzzy matrix, we extract the -line data of the matrix and establish a matrix = (( , V )) 5×20 ( = 1, 2, ⋅ ⋅ ⋅ , 5; = 1, 2, ⋅ ⋅ ⋅ , 20; = 1, 2, ⋅ ⋅ ⋅ , 5). For example, to evaluate the M1, let Discrete Dynamics in Nature and Society 7 
) Table 2 . From Table 2 , we can get the entropy value of the 20 attributes for the five alternatives. According to Definition 4, the larger the amount of information in the data, the smaller the uncertainty and the entropy value; on the contrary, the entropy value is large. The entropy weight of the information provided by the passenger under the alternative is obtained according to (8) 
Then, we can get the optimal weights of each attribute according to (9) 
Based on the evaluations, the weights of the top five subcriteria are determined as follows: sense of security against accidents while traveling (C17), comfort level in stations (C11), train crowding (C15), journey time (C19), and access to metro stations (C1). Also, based on the results, the least important five subcriteria are the usage of modern equipment inside the train services (C7), cleanliness inside the trains (C12), lighting of the stations (C10), access and condition of escalators (C3), and ticketing system (C5).
( ) Aggregate the Alternatives by IFWA Operator. Aggregate all the passenger fuzzy evaluation values under each alternative according to (2) , and we can get the comprehensive evaluation matrix as follows: 
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According to Definition 2, we can get ( . . Results and Discussion. The study aims to find out the customer satisfaction level of urban rail transit in Tianjin. By using intuitionistic fuzzy group decision model, we got the scores and the sorts the results of customer satisfaction. And the results are discussed as follows.
Based on the above calculation results, the customer satisfaction level is evaluated as M1, M6, M3, M9, and M2. M1 shows the best level of customer satisfaction. The reasons are as follows: First is the best performance with accessibility. It was opened in 1984. Therefore, it is convenient for passengers to reach the subway station by bus. Secondly, it has high score in both ticketing service and information service system. The vending machines are sufficient in the station, so it is convenient for passengers to purchase tickets. Thirdly, it has high score in safety. M1 has been operating for 33 years, and it keeps a good safety record. Lastly, it has high score in time. M1 serves between Liuyuan station and Caijing University station. It has 21 stations, and it runs 48 minutes among all stations, with an average of 2.3 minutes per station. Meanwhile, the punctuality rate is above 99%. However, the comfort of the train is very low because it is the most congested line with 7.8 million passengers per day, and the electrical equipment at the station is old. Therefore, the Tianjin Metro needs to increase the number of cars or the starting frequency to reduce the congestion of each car. The worst customer satisfaction level is M2. The reason can be explained as follows: Firstly, it has the worst performances with accessibility. M2 serves between Caozhuang station and Binhai airport station, the line crossing 6 districts, so it is not very convenient for passengers to reach the station by bus. Secondly, it has low score in both ticketing service and information service system. The vending machines are insufficient in the station; in the peak hour, passengers need to line up for tickets. Thirdly, it has low score in time. It has 20 stations, and it runs 41 minutes among all stations, with an average of 2.1 minutes per station. Meanwhile, the punctuality rate is blow 98%. It has high score in train comfort, station comfort, and safety. Since it is a new line, it is not as crowded as the M1.
Moreover, we can find that passengers pay more attention to the safety of the trip (the weight of C17 is 0.188). The finding is supported by the actual situation in China [41, 42] . In China, passengers give priority to urban rail transit that is safe to use. Since China has large amount population in city, the passengers who use urban rail transit are very large. Take the M1 in Tianjin as an example; the volume exceeds 7.8 million passengers per day. The large volume can easily cause accidents. Therefore, the passengers are particularly concerned with the safety. And the security against accidents has a relatively high influence on customer satisfaction; the operator of the urban rail transit should pay more attention to the safety operation. Li et al. [43] pointed out that security against accidents needs more attention. A high level of safety in regard to accidents can promote customer satisfaction and facilitate subsequent reuse.
Discrete Dynamics in Nature and Society
On the other hand, the usage of modern equipment inside the train service and cleanliness inside the trains were found to be less significant of all the variables of customer satisfaction. Compared with some case studies in developed countries [19, 34, 44] , cleanliness and modern equipment have an important impact on the customer satisfaction. From these, we can see that, compared with passengers in developed countries, passengers in China pay less attention to usage of modern equipment and cleanness in the train; they can tolerate these conditions. These issues can be solved by improving the quality of station environment and providing more modern equipment at stations.
Conclusion
Currently, China is accelerating the construction of urban rail transit. How to attract more people to choose urban rail transit rather than private car and raise the share ratio of urban rail transit has become a major problem. Therefore, the operator needs to improve the service quality to meet the passengers' needs and enhance passenger satisfaction. The present customer satisfaction evaluation model has not considered multiple participants and the fuzziness of participant evaluation information. Based on the literature review, the urban rail transit evaluation index system was established, and the intuitionistic fuzzy group decision model was applied to the urban rail transit customer satisfaction evaluation model. The application of intuitionistic fuzzy entropy and IFWA aggregation operator in the evaluation of customer satisfaction in urban rail transit is introduced. Finally, the effectiveness of the model is examined through an example.
The overall customer satisfaction level of the urban rail transit lines was determined. Based on the results, it is determined that the line M1 has the best overall customer satisfaction level. Lines M6, M3, and M9 show the second, third, and fourth performance, respectively. The worst customer satisfaction level is line M2.
The contribution of this paper is summarized as follows: (1) On the basis of intuitionistic fuzzy group decision model, we successfully describe the uncertainty of customer satisfaction evaluation and avoid the loss of evaluation information. (2) A fuzzy multicriteria decision-making method based on intuitionistic fuzzy entropy and IFWA aggregation operators is proposed to evaluate the customer satisfaction of Tianjin urban rail transit network. (3) Based on the proposed model, the overall customer satisfaction level of each urban rail transit line is obtained.
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